Relationship
Between ingestion has been shown to elevate serum alkaline phosphatase (ALP) levels in healthy humans or animals, either acutely, when fat is administered in a test meal (1, 2) , or chronically, when a high-fat diet is consumed (3) (4) (5) . Intravenous infusion of glucose in rabbits produces an increase in the hepatic excretion of conjugated bilirubin (6) . Some mediumchain fatty acids reportedly induce a decrease in binding of bilirubin to albumin in vitro (7) . Additionally, albumin synthesis has been shown frequently to be influenced by dietary protein or amino acid content (8, 9) . We have reported that dietary fat consumption increases ALP levels, exacerbates hepatic morphological damage, and increases mortality in the bile duct-Iigated rat model of cholestasis (10) (11) (12) .
The aforementioned observations suggest that biochemical changes associated with chronic liver disease may be influenced by dietary composition. This study evaluated the relationship between dietary intake and liver biochemical tests in patients with liver disease.
Relationships between liver biochemical test values and reported frequency of consumption of various foods were examined using a principal-component analysis of data from 42 patients with chronic liver disease. The statistical procedure identified relationships among biochemical and dietary variables. One relationship included the variables albumin, bilirubin, and frequency of intake of fruits and vegetables, starch, and meats. A relationship was also found between serum alkaline phosphatase (ALP) levels and fat/oil intake. Data from patients with primary biliary cirrhosis (PHC) and noncholestatic liver disease were compared using a correlational analysis. In patients with PHC, serum ALP levels were positively correlated with frequency of intake of fat/oil (r = 0.59, p < 0.01) and meats (r = 0.46, p < 0.05), whereas serum bilirubin (Hili) and aspartate aminotransferase (AST) levels were significantly correlated with frequency of intake of dairy products (rs = 0.48 and 0.45, ps < 0.05 for Hili and AST, respectively), meats (rs = 0.59 and 0.65, ps < 0.01), and fat/oil (r = 0.54, p < 0.02 and r = 0.48, p < 0.05). In patients with noncholestatic liver disease, Hili levels were correlated with frequency of intake of fat/oil (r = 0.58, p < 0.01), and fruits and vegetables (r = 0.68, p < 0.01). These results suggest that the degree of elevation of some liver biochemical tests in patients with liver disease may be affected by dietary intake. Key Words: Liver disease-Prin:!cary biliary cirrhosisAlkaline phosphatase-Hilirubin-.:;.Fat intake-Food intake.
MATERIALS AND METHODS
A number of observations suggest that dietary factors may influence liver biochemical tests. Fat
Subjects
Forty-two patients with well-characterized liver disease and 42 age-, race-, and gender-matched healthy controls served as subjects. This study was approved by the Institutional Review Board of Thomas Jefferson University Hospital.
Patients were selected on the basis of willingness and ability to participate and were classified based on the following clinical criteria:
1. Primary biliary cirrhosis (PBC) was diagnosed on the basis of a cholestatic pattern of abnormal liver biochemical tests, the presence in serum of antimitochondrial antibodies, a compatible liver biopsy, and absence of extrahepatic biliary obstruction. Clinical classification of stage of disease was based on extent and severity of symptoms ranging from O (asymptomatic, total serum bilirubin level < 1 mg/dl), 1 (mild, bilirubin > 1 and <3 Questionnaire A food-frequency questionnaire containing 34 food items was administered to all subjects. Subjects were asked to rate how many times per week they generally consumed each item. Patients were asked to respond to the questionnaire with respect to food intake since the onset of liver disease. The 34 items were then grouped into seven major food categories: dairy products, meats, fats and oils, fruits and vegetables, starches, sweets, and .alcohol.
RESULTS

Patient Characteristics
Patients with PBC accounted for 21 of the 42 patients. The remaining 21 patients consisted of patients with a variety of noncholestatic liver diseases (see Table 1 ). Because PBC patients represented 50% of the patients, statistical analyses included a comparison of patients with PBC and those with noncholestatic liver diseases. Other than PBC, no other specific type of liver disease included enough patients to be analyzed separately.
Biochemical Analysis
Blood was sampled from patients as part of their routine care (not necessarily when questionnaires were completed) and assayed for total serum bilirubin (3,5-dichlorophenol diazonium tetrafluoride borate), ALP (pnitrophenol phosphate), aspartate aminotransferase [AST; oxalacetate-nicotinamide adenine dinucleotide, reduced (NADH)], alanine aminotransferase (ALT; pyruvate-NADH), and albumin (dye binding with BC green) levels. Blood measures were not obtained for control subjects.
Principal-Component Analysis
The intercorrelation matrix from the 42 patients with liver disease was subjected to a principal-component analysis ( Table 2) . As shown, four interpretable components were identified in the analysis. In accordance with standard statistical procedures, only components with eigenvalues > 1.0 were extracted. The eigenvalue is a measure of the amount of the total variance accounted for by a component. The four components accounted for a total of 74.3% of the variance. Component I was a biochemical/ food-intake factor, with major (i.e., > 0.500) loadings from serum bilirubin and albumin levels, as well as four food groups: fruits/vegetables, meats, starch, and fats/oils. Component II was an aminotransferase factor with loadings only from AST and ALT levels. Component III was an ALP/fat factor with loadings only from ALP and frequency of intake of fat/oils. Component IV represented a sweets and dairy products factor with loadings only from these two items.
Statistical Analysis
Food-frequency results were analyzed using one-way analysis of variance. Correlations were evaluated using Spearman's p. The correlation matrix was subjected to a principal-component analysis (13) (14) (15) . Principal-component analysis is a statistical technique that uses the total pattern of relationships among variables to produce a small number of independent "components" that account for the relationships. Therefore, the process extracts independent clusters of variables that have common relationships. By examining variables strongly related within one component, a name can be assigned to the component that characterizes the composite of variables. In the analysis, the component matrix is statistically rotated to obtain "maximum parsimony."
The final varimax-rotated matrix is presented ( Table 2 ). Because of the statistical need to limit the number of variables examined per number of subjects, PBC and noncholestatic patient groups were examined together in the component analysis (13-15) . The component structure was found to 
Correlations
To verify the relationships observed in the factor analysis, correlations between liver biochemical tests and responses to the food-frequency questionnaire were performed (Table 3) . Serum ALP levels were significantly correlated with frequency of fat intake (r = 0.59, p < 0.01), meat intake (r = 0.46, p < 0.05), and fruit and vegetable intake (r = 0.44, p < 0.05) in patients with PBC but not in patients with noncholestatic liver disease. The correlation between fat intake and ALP levels was stronger for patients with advanced PBC (stages 2 and 3; r = 0.85, p < 0.01) than for stage 0-1 patients (r = 0.22, not significant). In patients with PBC, serum bilirubin levels were positively correlated with weekly frequency of intake of fats and oils (r = 0.54, p < 0.02), meats (r = 0.59, p < 0.01), and dairy products (r = 0.48, p < 0.05). Also in the patients with PBC, levels of AST were correlated with weekly frequency of intake of meats (r = 0.65, p < 0.01), dairy products (r = 0.45, p < 0.05), and fats and oils (r = 0.48, p < 0.05).
Serum albumin levels were correlated with meat intake (r = -0.52, p < 0.02).
In patients with noncholestatic liver disease, bilirubin levels were correlated with the frequency of intake of fats and oils (r = 0.58, p < 0.01) and fruits and vegetables (r = 0.70, p < 0.01). AST levels were correlated with the frequency of intake of dairy products (r = 0.52, p < 0.02). Albumin levels were inversely correlated with the frequency of intake of meats (r = -0.60, p < 0.01 ), starch (r = -0.63, p < 0.01), and sweets (r = -0.54, p < 0.02).
Effect of Fat Intake on Biochemical Tests
It was noted that several correlations occurred between liver biochemical tests and frequency of fat intake in the patients with liver disease. Therefore, in a subsequent analysis, the biochemical tests from the 25% of patients reporting highest frequency of fat intake were compared to those from the 25% of patients reporting the lowest frequency (see Table 4 ). Analysis of variance indicated a significant increase in AST levels in patients from the highest quartile of fat intake, compared to patients from the lowest quartile [£(1, 19) = 7. 
DISCUSSION
The results of this study suggest that in patients with liver disease, several liver biochemical tests are related to dietary intake. From the data of the 42 patients with liver disease, the principal-component analysis identified a unique relationship between serum ALP levels and fat intake, which was independent of the relationships between other food items and biochemical measures. In patients with PBC, specific relationships were observed between liver biochemical tests and fat intake; serum ALP levels were correlated with frequency of intake of fats and meats, whereas serum bilirubin and AST levels were correlated with intake of dairy products, fats, and meats. We did not determine whether ALP was of intestinal or hepatic origin.
The food group "fats and oils" is not the only food category containing fat, as dairy products and meats also contain food items that are high in fat. Thus it is possible that dietary fat is the ingredient accounting for the observed relationships. When patients were classified based on their weekly frequency of fat intake, we found that a fourfold difference in fat intake reflected a twofold difference in ALP levels and a fourfold difference in bilirubin levels (see Table 4 ). Because clinical values were
Food-Frequency Questionnaire
The weekly frequency of food consumption of the seven major food groups is presented in Table  5 . Patients were compared to matched controls to determine whether food intake was comparable to that of healthy individuals. There were no significant differences in frequency of food intake of any food group between patients with PBC and their respective healthy controls. Similarly, frequency of intake of all food groups was comparable in patients with noncholestatic liver disease and their controls. REFERENCES not obtained for control subjects, the correlation between fat consumption and biochemical measures in healthy individuals is unknown. Nevertheless, the results point to a relationship between fat intake and liver biochemical test values in patients with liver disease.
The causal direction of the relationships between the biochemical and dietary measures cannot be determined on the basis of the statistical analysis that was employed. It is possible that variation in the biochemical parameters or some related factor influences diet choice. Patients with different types of liver disease tend to show different patterns of food preferences (16) . On the other hand, variation in the biochemical indices may reflect differences in dietary intake. Component 1 identified a relationship between serum albumin and bilirubin levels and frequency of intake of several major food groups. Several studies have shown that both albumin (8, 17) and bilirubin (6,18) levels are influenced by nutritional factors. If ALP levels also are influenced by ingested fat, dietary habits might explain, in part, some of the variation in ALP levels among individuals with PBC. The correlation between ALP levels and frequency of fat intake was stronger for PBC patients in more advanced stages. This observation suggests that patients with advanced PBC may be more susceptible to the effects of fat ingestion on ALP levels.
The food-frequency questionnaire provides an estimate of food intake. Other investigators found that ability to recall dietary intake using the foodfrequency questionnaire was not significantly different between subjects with or without chronic disorders (19) . There is a tendency for food consumption to be overestimated by responses to food-frequency questionnaires; energy values (kcals) and nutrient values (g) obtained by questionnaires tend to be higher than those values determined by dietary diaries (20) . In our study, the frequency of consumption, not the quantity consumed, was determined. It is possible, therefore, that patients with high frequencies of fat intake did not eat more fat than those with a low frequency of fat intake, but instead consumed smaller amounts of fat more often. Additional studies are needed to determine whether there are relationships between liver biochemical test values and the amount of nutrients ingested.
In conclusion, statistical methods point to a relationship between some liver biochemical test values and food-consumption patterns in patients with chronic liver disease. This finding suggests that the interpretation of these biochemical indices should take into account the diet history of the patient.
